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Development of an enzyme immunoassay for linoleic acid 
diols in urine 

Zurek, Gabriela; Gee, Shirley 3.; Hammock, Bruce D. 
Cancer Research center. Department of Entomology, 
University of California, Davis, CA, 95616, USA 
Analytica Chimica Acta (2002), 466(2), 247-256 
CODEN: ACACAM; ISSN: 0003-2670 
Elsevier Science B.v. 
Journal 
English 

An ELISA for the diol derivs. of linoleic acid, cis-9,10-dihydroxyoctadec- 
12(z)-enoic acid ( ***leukotoxindiol*** , ltxd) and cis-12,13- 
dihydroxyoctadec-9-(z)-enoic acid (iso- ***leukotoxindiol*** , 
iso-LTXD), was developed. Polyclonal antibodies were generated in rabbits 
using an isomeric LTXD and iso-LTXD mixt. coniugated with keyhole limpet 
hemocyanin (klh) or bovine serum albumin (BSA). coating antigens were 
synthesized by conjugation of LTXD/i so-LTXD, dihydroxystearic acid, 
ricinoleic acid (OLE), ricelaidic acid (ela) or 12-hydroxystearic acid to 
BSA or ovalbumin (OVA), various linoleic acid derivs. did not cross react 
significantly, using the ovalbumin conjugate of ricinoleic acid as a 
coating antigen, the assay yielded an IC50 value of 8 .mu.g/1 
LTXD/iso-LTXD and was applied to the anal, of urine samples, urine 
samples were treated with glucuronidase to release LTXD/iso-LTXD from its 
glucuronic acid conjugate. An increase of the LTXD/i so-LTXD signal was 
clearly obsd. after glucuronidase incubation. Recent evidence suggests 
that these diols may be involved in diseases such as acute respiratory 
distress syndrome and cardiovascular diseases, thus this assay will be 
important in assessing the significance of these compds. as biomarkers for 
these disease states. 
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***Leukotoxin*** - ***Diol*** . A putative toxic 
mediator involved in acute respiratory distress 
syndrome 

Zheng, Jiang; Plopper, Charles G. ; Lakritz, Jeffery; 
Storms, David H.; Hammock, Bruce D. 
Department of Pharmaceutical Sciences, School of 
Pharmacy, Bouve College of Health sciences. 
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AB Leukotoxin is clin. 
(ARDS). Recently, 



Northeastern University, Boston, MA, 
American Journal of Respiratory Cell 
Biology (2001), 25(4), 434-438 
CODEN: AJRBEL; ISSN: 1044-1549 
American Thoracic Society 
Journal 
English 

assocd. with acute respiratory distress syndrome 
we found that ***leukotoxin*** - ^vt^^j-jQ-jvc^v* ^ 
hydrated product' of leukotoxin, is more toxic than the parent leukotoxin 
in vitro. To test if this difference in the toxicity of leukotoxin and 

***leukotoxin*** - ***cliol*** exists in vivo, Swiss Webster mice were 
administered leukotoxin or ***leukotoxin*** - ***diol*** . All mice 
treated with **^*leukotoxin*** - ***diol*** died of ARDS-like 
respiratory distress, whereas the animals exposed to leukotoxin at the 
same dose survived. Histopathol. evaluation of the lungs revealed massive 
alveolar edema and hemorrhage with interstitial edema around blood vessels 
in the lungs of mice treated with ***leukotoxin*** - ***diol*** , 
whereas the lungs of mice treated with identical doses of leukotoxin had 
perivascular edema only and little change in alveolar spaces. 
Immunohistochem. showed that the sol. epoxide hydrolase responsible for 
the hydrolysis of leukotoxin to its diol is coned, in the vascular smooth 



muscle of small and med 
4-phenylchalcone oxide, 
to decrease the mortal i 
mortality induced by 
provide strong in vivo 
and that the correspond 
the development of ARDS 



REFERENCE COUNT: 



16 



ium-sized pulmonary vessels, in addn., 
an inhibitor of sol. epoxide hydrolase, was found 
ty induced by leukotoxin but had no effect on 
***leukotoxin*** - ***diol*** . These studies 
evidence that leukotoxin may act as a protoxicant 
ing diol is a putative toxic mediator involved in 
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Cellular characterization of ***Leukotoxin*** 

***Diol*** -Induced Mitochondrial Dysfunction 
Sisemore, Marlene F.; Zheng, Jiang; Yang, Joy C: 
Thompson, David A.; Plopper, Charle: 
Gino A.; Hammock, Bruce D. 
Department of Entomology, university of 
Davis, CA, 95616, USA 
Archives of Biochemistry and Biophysics 
392(1), 32-37 

CODEN: ABBIA4; ISSN: 0003-9861 
Academic Press 
Journal 
English 

Leukotoxin, a cytochrome P 450-derived epoxide of linoleic acid, has been 
implicated as a causative factor in acute respiratory distress syndrome. 
Conversion of this fatty acid epoxide to ***leukotoxin*** ***diol"** 
by epoxide hydrolase has been hypothesized as the crit. activation step in 
leukotoxin-induced cellular toxicity. In both human and insect cells, we 
obsd. that ***leukotoxin*** ***(j-jQi*** causes acute cellular 
toxicity and that cyclosporin A, an inhibitor of the mitochondrial 
permeability transition, ameliorates ***leukotoxin*** ***cl-jol*** 
-assocd. toxicity. To evaluate mitochondria as a target of 

***leukotoxin*** ***cj-joi*** , multiple aspects of mitochondrial 
integrity were evaluated in both cell- and organelle-based assays. 

***Leukotoxin*** ***d-jo-|*** specifically activated the mitochondrial 
permeability transition, resulting in release of cytochrome c and 
subsequent cell death. Pretreatment with cyclosporin A inhibited these 
effects and, furthermore, limited in vivo toxicity, while the mechanisms 
underlying leukotoxin-mediated toxicity remain to be fully elucidated, the 
observation that ***leukotoxin*** ***diol*** disrupts 
mitochondrial function specifically through activation of the 
mitochondrial permeability transition suggests at least one mechanism 
through which ***leukotoxin*** ***d-,ol*** may exert its activity 
in physiol. contexts, (c) 2001 Academic Press. 
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CAPLUS COPYRIGHT 2002 ACS 
2000:806272 CAPLUS 
134:173927 

Toxicity of linoleic acid metabolites 
Greene, Jessica F.; Hammock, Bruce D. 
Departments of Entomology and Environmental 
Toxicology, University of California at Davis, Davis, 
CA, 95616, USA 

Advances in Experimental Medicine and Biology (1999), 
469(Eicosanoids and Other Bioactive Lipids in Cancer, 
inflammation, and Radiation Injury, 4), 471-477 
CODEN: AEMBAP; ISSN: 0065-2598 
Kluwer Academic/Plenum Publishers 
Journal; General Review 
English 

A review with 22 refs. on the formation of linoleic acid metabolites, 
synthesis of leukotoxin and isoleukotoxin, toxicity of leukotoxin and 
isoleukotoxin, and metabolite toxicity ( ***leukotoxin*** ***dToi*** 
and isoleukotoxin diol), 
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Bioactivation and Detoxification 

Greene, Jessica F. ; Williamson, Kristin C; Newman, 
John W.; Morisseau, Christophe; Hammock, Bruce D. 
Department of Entomology, university of California at 
Davis, Davis, CA, 95616, USA 
Archives of Biochemistry and Biophysics (2000), 
376(2), 420-432 

CODEN: ABBIA4; ISSN: 0003-9861 
Academic Press 
Journal 
English 

Leukotoxin (Itx) and i soleukotoxin (iltx) Me esters, are metabolites of Me 
linoleic acid, an essential fatty acid. They have been assocd. with acute 
respiratory distress syndrome. The obsd. toxicity of Itx and iltx is, in 
fact, due to the metab. of the epoxides to their corresponding diols by 
hydrolase (sEH) . Herein, the authors demonstrate that 
toxic in a time-dependent manner to human sEH expressing 
LT50 of 10.6 .+-. 0.8 h and that Itx and iltx have KM of 6.15 
5,17 .+-. 0.56 ,mu.M, resp., and Vmax of 2.67 .+-. 0.04 and 
1.86 .+-. 0.06 .mu.mol/min/mg, resp., which can be inhibited by sEH 
inhibitors. The authors show that four major metabolites of Itx/iltx are 
formed in their system, including Itx/iltx free acid, Itxd/iltxd, free 
acid, and phosphotidyl choline and phosphotidylethanolamine contg. the 
carboxylic acid forms of both Itx/iltx and Itxd/iltxd, but that the only 
metabolite assocd. with toxicity is the carboxylic acid form of 
Itxd/iltxd, suggesting the involvement of cellular esterases. The authors 
demonstrate that a serine esterase inhibitor provides some protection from 
the toxicity of epoxy fatty esters to sEH expressing cells as do 
intercellular free sulfhydryls, but that this protection is not due to 
glutathione conjugation, with these data, the authors have proposed an 
extension of the metabolic pathway for Itx/iltx in eukaryotic cells, (c) 
2000 Academic Press. 
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CAPLUS COPYRIGHT 2002 ACS 
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Identification of CYP2C9 as a Human Liver Microsomal 
Linoleic Acid Epoxygenase 
Draper, Alison J.; Hammock, Bruce D. 
Department of Chemistry, Bucknell 
Lewisburg, PA, 17837, USA 
Archives of Biochemistry and Biophysics 
376(1), 199-205 

CODEN: ABBIA4; ISSN: 0003-9861 
Academic Press 
Journal 
English 

Leukotoxin (9, lO-epoxy-12-octadecanoate) and i soleukotoxin 
(12,13-epoxy-9-octadecenoate) are monoepoxides of linoleic acid, 
synthesized by a cytochrome P 450 monooxygenase and possibly by an 
oxidative burst of inflammatory cells. Recent expts. in this lab. have 
indicated that the toxicity of leukotoxin and i soleukotoxin is not due to 
these epoxides, but to the 9,10- and 12,13-diol metabolites. Leukotoxin 
and isoleukotoxin are metabolized primarily by the sol. epoxide hydrolase 
to form ***leukotoxin*** ***j-jQi*** _ investigations with 
recombinant cytochrome P 450 enzymes have demonstrated that leukotoxin and 
isoleukotoxin can be formed by these enzymes. This study used a 
combination of exptl . approaches to identify the major cytochrome P 450 
enzyme in human liver involved in linoleic acid epoxidn. The kinetic 
paramenters were detd.; the Km of linoleic acid epoxidn. by pooled human 
liver microsomes was 170 .mu.M and the Vmax was 58 pmol/mg/min. 
Correlation anal, was performed using individual samples of human liver 
microsomes, and the best correlation of linoleic acid epoxidn. activity 
was with tolbutamide hydroxylase activity, CYP2C9. Recombinant CYP2C9 was 
the most active in linoleic acid epoxygenation, and antibody and chem. 
inhibition also indicated the importance of CYP2C9. This enzyme, 
therefore, may serve as a therapeutic target in the treatment of 
inflammation in order to reduce the amt. of circulating 

and their related diols. (c) 2000 Academic 
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AUTHOR(S): Totani, Y. ; Saito, Y. ; ishizaki, T. ; Sasaki, F. ; 

Ameshima, S,; Miyamori, l. 
CORPORATE SOURCE: Third Dept of internal Medicine, Fukui Medical 

university, Fukui, 910-11, Japan 
SOURCE: European Respiratory Journal (2000), 15(1), 75-79 

CODEN: ERJOEl; ISSN: 0903-1936 
PUBLISHER: Munksgaard international Publishers Ltd. 

DOCUMENT TYPE: Journal 
LANGUAGE: English 

AB when injected into animals, leukotoxin (Lx) causes acute lung injury which 
is assocd. with neutrophils infiltrating the lung tissues. However, the 
effect of Lx on neutrophils is still unknown, and recently it has been 
reported that Lx diol, a hydrolyzed metabolite, should be more potent than 
Lx in vitro. In this study, the authors examd. the effect of Lx and its 
diol on human neutrophils by assessing their chemotactic response, 
expression of adhesion mols., and prodn. of peroxides. Both Lx and its 
diol induced chemotaxis in human neutrophils via an involvement of 
pertussis toxin-sensitive G-proteins, but they did not influence the 
expression of adhesion mols. or the prodn. of peroxides. Furthermore, Lx 
synerqistically affected chemotaxis with N-formyl-methionyl-leucyl- 
phenylalanine (fMLP), but not with endothelin 1. Neutrophil chemotaxis 
induced by both Lx and its diol was inhibited by phosphatidyl inositol 
3-kinase (PI3-K) inhibitors, but not by protein tyrosine kinase (PTK) 
inhibitors or by protein kinase C (PKC) inhibitors, whereas fMLP-induced 
chemotaxis was inhibited by PTK inhibitors, but not by PI3-K inhibitors or 
by PKC inhibitors. These results suggest that neutrophil chemotaxis 
induced by both Lx and its diol involves pathways different from those 
induced by fMLP. in conclusion, both leukotoxin and its diol metabolite 
induce chemotaxis in human neutrophils in an unique way and may act as 
important bioactive lipids when considering the pathol . mechanism of acute 
lung injury. 
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TITLE: Effects of linoleic acid metabolites on electrical 

activity in adult rat ventricular myocytes 
AUTHOR(S): Stimers, Joseph R.; Dobretsov, Maxim; Hastings, 

Stephanie L.; Jude, Anthony R.; Grant, David F. 
CORPORATE SOURCE: Department of Pharmacology and Toxicology, university 

of Arkansas for Medical Sciences, Little Rock, AR, USA 
SOURCE: Biochimica et Biophysica Acta (1999), 1438(3), 359-368 

CODEN: BBACAQ; ISSN: 0006-3002 
PUBLISHER: Elsevier Science B.v. 

DOCUMENT TYPE: Journal 
LANGUAGE: English 

AB Leukotoxin (Lx), an epoxide deriv. of linoleic acid, has been suggested to 
be a toxic mediator of multiple organ failure in burn patients and of 
acute respiratory distress syndrome. Lx prodn. was recently shown during 
myocardial ischemia/reperfusion. However, a recent study suggested that 
to be toxic Lx must be metabolized to Lx-diol. in the present study, 
isolated adult rat ventricular myocytes were studied with the whole-cell 
patch-clamp technique to det. the effects of these compds. on cardiac 
elec. activity. Measurements of action potentials showed that neither 
linoleic acid nor Lx (100 .mu.M) caused any significant changes in action 
potential properties. However, Lx-diol in the range of 10-100 .mu.M 
produced a dose dependent increase in duration and a decrease in overshoot 
of the action potential. Subsequent voltage clamp expts. isolating Na 
current (iNa) and transient outward K current (Ito) revealed that Lx-diol 
inhibited INa and Ito by about 80% at 100 .mu.M, while linoleic acid and 
Lx had no effect on these currents at the same concn. while Lx-diol 
produced the same inhibition of INa and Ito at 100 .mu.M, its effects were 
more potent on ito with significant inhibition at 10 .mu.M. Lx-diol also 
hastened the activation kinetics of Ito but not iNa. The action of 
Lx-diol was rapid (reaching steady state in 3-5 min) and was reversible in 
5-10 min following washout. Thus, Lx-diol could favor arrhythmias or 
cardiac arrest in intact heart and may be responsible for the cardiac 
problems seen in systemic inflammatory response syndrome. These results 
further support the suggestion that Lx is not toxic in the heart but 



rather must be metabolized to Lx-diol to produce toxic effects on cardiac 
muscle. 
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Journal 
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AB Methods are provided for treating inflammatory diseases mediated by 
polyunsatd. lipid metabolites by inhibiting epoxide hydrolase. The 
methods may be used for treating e.g. adult respiratory distress syndrome. 
Also provided are methods for assaying or screening the epoxide hydrolase 
inhibitors for inhibitory specificity and for toxicity, as well as novel 
biol. active thf diols of arachidonic acid, including antibodies thereto. 
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AB Monoepoxides of linoleic acid (leukotoxin and isoleukotoxin) have been 
assocd. with a variety of pathophysiol . diseases in humans including 
multiple organ failure. They also have been shown to be toxic when 
injected into exptl . animals. Because leukotoxin and isoleukotoxin are 
excellent substrates for epoxide hydrolases, the authors tested the 
hypothesis that the diol metabolites are less toxic than the parent 
monoepoxides using the rabbit renal proximal tubule (RPT) suspension 
model. An equimolar mixt. of the positional isomers of the Me esters of 
leukotoxin and isoleukotoxin did not cause cell death to RPT cells at 
concns. up to 1 mM using lactate dehydrogenase release as the endpoint. 
The corresponding diols, however, caused cell death in a time- and 
concn. -dependent manner beginning at 4 h and reaching 42% cell death in 6 
h at 1 mM. cell death was not due to oxidative stress since 
malondi aldehyde content did not increase and the iron chelator 
deferoxamine and the antioxidant N,N'-di phenyl -1,4-phenylenedi amine were 
not cytoprotective. in contrast, cell death was assocd. with 
mitochondrial dysfunction with respiration decreasing 54% prior to the 
onset of cell death. Secondary to the mitochondrial dysfunction, the 
diols completely inhibited active Na+ transport within 30 min of addn. 
These results suggest that the in vivo toxicity and pathophysiol. 
previously attributed to the monoepoxides of linoleic acid may be due to 
the diol metabolites. 
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Leukotoxin is a linoleic acid oxide produced by leukocytes and has been 
assocd. with the multiple organ failure and adult respiratory distress 
syndrome seen in some severe burn patients, Leukotoxin has been reported 
to be toxic when injected into animals i.v. Herein, the authors report 
that this lipid is not directly cytotoxic in at least two in vitro 
systems. Using a baculovirus expression system the authors demonstrate 
that leukotoxin is only cytotoxic in the presence of epoxide hydrolases. 
In addn., it is the diol metabolite that proves toxic to pulmonary 
alveolar epithelial cells, suggesting a crit. role for the diol in 
leukotoxin-assocd. respiratory disease. In vivo data also support the 
toxicity of **"leukotoxin*" - ***d-jo-|*** ^ first time the 

authors demonstrate that sol. epoxide hydrolase can bioactivate epoxides 
to diols that are apparently cytotoxic. Thus, leukotoxin should be 
regarded as a protoxin corresponding to the more toxic diol. This clearly 
has implications for designing new clin. interventions. 
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AB Metab. of drugs and xenobiotics is among the important factors in detg. 

the biol. and toxicol. effects of exposure. Many mutagens and carcinogens 
are degraded by the sol. and microsomal epoxide hydrolases. Conversely, 
the diol resulting from the hydrolysis of leukotoxin by an epoxide 
hydrolase is the metabolite responsible for the toxicity of this compd. in 
cell culture, if prodn. of ***leukotoxin*** ***diol*''* results in 
the clin. symptoms of ARDS, inhibition of the epoxide hydrolase could 
reduce symptoms, in this study, we report (1) the quant, anal, of the 
structure-activity relationship for about forty inhibitors (chalcone oxide 
den vs.) of sol. epoxide hydrolases, (2) the kinetic study of their 
action, and (3) the detn. of the structure of the enzyme-inhibitor 
complex. These results provide an understanding of the mechanism of 
inhibition permitting the design of therapeutic drug or pro-drug for the 
treatment of ARDS. 
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